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Abstract—Turbulent diffusion of matter from a point source within a two-dimensional boundary-
layer flow over a smooth surface, with and without surface heating, has been studied. Concentrations
downstream from a simulated peint source located at the floor of a wind tunnel test section were
measured using ammonia as the diffusing gas.

The concentration profiles for the neutral and unstable conditions are found to be similar; thatis, a
universal function is obtained by describing x(x, ¥, 2)/xmax(x, 0, 0) the relative concentration in each
section as a function of the similarity lengths o(x) and =n(x). The similarity lengths are defined as
x(x, o, 0)/xmax(x,0,0) = 05 and x(x, 0, 7)/xmax(x, 0, 0) = 0-5; they are found to be approximately
independent of ambient velocity over the range of 6-25 ft/s and increase markedly in magnitude with
increasing instability.

A method for numerically integrating point source data to obtain line source plumes is given. The
synthetic line source plumes so obtained are compared with actual line source data and with line
source heat diffusion data. The data for heat and mass diffusion are very similar.

An attempt is made to evaluate the ratio of heat and mass diffusivities by integrating the two-
dimensional diffusion equation using the approximate similarity of the concentration and velocity

distributions. An approximate value of 18 is found for this ratio.

NOMENCLATURE i(x, z), mean temperature at point

Az, vertical mass diffusivity, in (x, z) due to diffusion from a
z-direction, L¥/T;} line source of heat, t;

a,b,n, exponents; i, w, components of mean velocity

C(x, z), mean concentration level of in the x and z-directions, L/T;
the  diffusing  matter— U, mean ambient velocity in
synthetic line source, M/L3; x-direction, L/T;

Cp, specific heat at constant a right-hand co-ordinate sys-
pressure, Btu/Mt; _ tem with origin at the source,

g, acceleration due to gravity, L:

L/T2; y U
(I . molecular diffusion coeffi-

h(z/X), S)(z/X), dimensionless functions; & cient, L2/T;

P, standard deviation about the 5,y boundary-layer thickness, L;
mean of the transverse pro- .
files. LL: 8¢, thermal boundary-layer thick-

b 2 .

Or, Or, W/B, source strength for point A n;:ss, L; . .
source, synthetic line source T, plate surface_—Eamblent‘ air
and heat source respectively, tempel"ature di erence, t"
M/T, M/LT, Btu/LT; €x, coefficient of heat diffusion,

. 3 > LS /T;
, Assistant Professor. 1 Professor. 7(x), vertical similarity length for

{ The symbols designating dimensions have the follow-
ing meaning: M—mass, L—length, T-—time, t—tempera-

ture, Btu—heat unit.
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the point-source diffusion
plume, L;
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A(x), vertical similarity length for

the synthetic line source dif-

fusion plume, L;

v, kinematic viscosity, L¥T;

P, mass density, M/L3;

a(x), lateral similarity length for
the point source diffusion
plume, L;

x(x, ¥, 2), mean concentration level at

the point (x, y, z) for diffusion
from a ground-level point
source, M/L3,

INTRODUCTION
BOUNDARY-LAYER flows over horizontal heated
surfaces are a common occurrence in industry
and constitute the basic flow of the atmospheric
surface layer much of the time. Heating of the
boundary from below produces an instability
through action of buoyancy forces which modi-
fies the much studied neutral boundary-layer
flow. This modification by interaction has been
found to affect the drag and heat-transfer co-
efficients in a substantial manner. In an analysis
of the laminar boundary layer over a heated
plate, Sparrow and Minkowycz {1] have found
an increase of the drag and heat-transfer co-
efficients to occur. An experimental study of
turbulent boundary layers at low Reynolds
numbers over a heated plate by Cermak {2]
yielded an increasing drag coefficient for increas-
ing degrees of instability. Associated with the
modification of turbulent flow structure pro-
duced by thermal instability is an increase in
diffusion rates for passive material released
from sources located within the flow. This
phenomenon is known to exist almost by
instinct, from casual observation of smoke and
other pollutants diffusing in the atmosphere and
from detailed laboratory-type measurements of
diffusion in the ficld made during Project Prairie
Grass (Barad {3], Haugen [4]).

The purpose of the study reported in this
paper was to compare diffusion rates and con-
centration-field geometry for a ground-level
point source of ammonia gas in neutral and
unstable turbulent boundary layers by making
use of controlled wind tunnel flow. This informa-
tion is itself useful to the heat transfer and air
pollution engineer in solving certain practical
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problems, but perhaps even more important, is
the knowledge it yields about the gross change
in flow structure which provides a sound basis
for study of the detailed structural changes. The
data obtained for mass diffusion in a neutral
boundary layer are also used in a comparison
with heat diffusion data reported by Wieghardt
[5) in an effort to establish the ratio of turbulent
diffusivities for heat and for mass.

EQUIPMENT AND PROCEDURE
The diffusion study was conducted in a re-
circulating wind tunnel with a 6-ft square, 12-ft
long test section. A schematic diagram of the
test section is shown in Fig. 1. The components
of the test section in Fig. 1 are labelled as
follows:

A—turbulence stimulator,

B—aerodynamically smooth, heated or
neutral test boundary, over which the
momentum and the thermal boundary-
layers developed,

C—the heating coils and thermal insulation,

D—sampling probe with tubing leading to
sampling system,

E—point source of ammonia gas.

The turbulence stimulator consisted of a
#-in saw-tooth strip followed by 24 in of
closely packed gravel. This stimulator was
followed by a smooth strip of wood and the test
boundary.

The smooth, heated or neutral boundary was
a 6x 10 ft, }-in thick aluminium plate
mounted flush with the floor of the wind tunnel.
The plate was heated by groups of nichrome
heating coils mounted directly below the plate;
each group was connected to a rheostat by
means of which the power input to each group
could be adjusted to the desired value to give a
uniform surface temperature for different flow
conditions. The entire - unit was connected
through a variable voltage powerstat. Thus,
using this equipment, it was possible to heat the
plate to temperatures of more than 200°F above
that of the ambient air for air speeds of up to
9 ftfs.

Before the start of experiments with a particu-
lar flow condition, the uniform temperature on
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FiG. 1. Test section geometry.

the plate surface was obtained by adjusting the
power input to the individual heater strips by
trial and error. Once the rheostat settings were
established for a particular flow condition, al-
most the same settings were used on subsequent
days with the temperature distribution being
checked each day.

The gas feed and sampling system used is
schematically shown in Fig. 2. Anhydrous
ammonia gas having a specific gravity of 0-6
relative to air were used as the diffusing gas. The
gas was fed into the tunnel at a constant rate
through a stainless steel feed probe. The mixture
of the diffusing gas and air was drawn through
the sampling system by inducing negative
pressures with a vacuum pump. The sampling
rate and the feed rate was measured by Matheson
Universal Flowmeters.

The metered sample of air containing
ammonia was passed through an absorption
tube containing 10 cc of dilute hydrochloric
acid, which completely absorbed the ammonia
from the sample. The mixture in the absorption

H.M.—N

tube was subsequently neutralized by adding
1-2 cc of a dilute solution of sodium hydroxide.
The neutralized sample containing the ammonia
in solution was then mixed with 1 cc of Nessler’s
reagent, which gave a yellowish-brown colora-
tion dependent on the concentration of ammonia
present in the sample. The absolute quantity of
ammonia was ascertained using an Evelyn
Photo-electric Colorimeter which was previously
calibrated by using a standardized solution
containing 0-1 mg of ammonia in 1 cc of the
solution.

Once the flow conditions were established
vertical cross sections of the plume were mapped
atx=1,2 3,4, 6, and 7} ft from the source.
The following procedure was used in mapping
the plume cross section, see Fig. 3:

{1} Lateral profiles of concentration measure-
ment were made by traversing the samp-
ling probe parallel to the y-axis for a fixed
height z in. Sampling points were spaced
between 0-25 to 1 in apart; about twenty
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FiG. 2. Feed and sampling system.

F1G. 3. Definition sketch of plume geometry.
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point measurements were made per lateral
profile.

(2) The lateral profiles were repeated for
several heights z =0, 1,2, ... in.

(3) The measured lateral profiles were super-
posed as in Fig. 3 (B).

(4) Isoconcentration contours were mapped
by reading y-co-ordinates of points of
equal concentration in Fig. 3 (B), and
transposing to the plume cross section.

Besides the mean concentration data, the mean
velocity and mean temperature fields were
mapped for several cross sections downstream
of the gas source; also, the heat input into the
boundary was measured for the heated boundary
runs. The mean velocity distributions were
measured using a constant-temperature hot-
wire anemometer. The mean temperature distri-
butions were measured by means of a copper—
constantan thermocouple. Both the hot-wire and
the thermocouple probes were mounted on a
carriage with remotely controlled three-dimen-
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sional motion. The upward flux of heat from the
boundary was estimated by measuring the
power input to each individual group of
nichrome heating coils with an ammeter and
voltmeter. Since the heat loss from the heating
coils to the surroundings is negligible, the power
input per unit area to the plate was the upward
flux of heat from the heated boundary.

The data gathered was for the following
combination of mean velocity U, in ft/s and
plate surface-ambient air temperature difference
AT in degF: (6; 0), (9; 0), (6:5; 80), (6-5; 200)
and (9; 115). In addition 1o the above data the
boundary concentration downstream of the
source was measured for (15; 0), (25; 0) and
(57; 0). The experimental data is quite volumin-
ous and thus readers are referred to Malhotra
[6] for the details of the experimental apparatus
and a summary of all the data gathered during
the course of this study.

Discussion of accuracy of data
There are two gross checks on the accuracy of

185 mg /s
2| ° ®
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FiG. 4. Relative ground-level concentration as a function of the lateral distance for a point source
with an unheated boundary.
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the experimental data. One is to check the
continuity of mass from cross section to cross
section downwind of the gas source, i.e.

j‘w ro 012 x (x,y,2)dz dy all x = Qy = const.
y=-—00 Jz=

The other is to duplicate the experimental data
two or more times for any given cross section.
Both these checks were made and it was estimated
that the data could be duplicated to within 10
per cent at a concentration of 100 parts per
million by weight (the data ranged between 50
ppm and 7000 ppm). Fig. 4 is a typical plot of
the variation of Qy with distance downstream
of the source. As seen from this figure the mass
of the diffusing gas is quite consistent as one
moves downstream of the source.

EXPERIMENTAL RESULTS
Neutral boundary layer
The diffusion plume for the short distances
studied, was completely submerged in the
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boundary layer. The concentration distribution
can be described by a dimensionless universal
curve, Figs. 5-7

X(x, Vs Z)
Xmax(x, Oa 0)

= exp 0-693 {— [(%x)]a - le(zﬁ]b}, (1)

where o(x) and n(x) are the lateral and vertical
similarity lengths of the diffusing plume defined
as

x(x, o, 2) — 05, x(x,0,7)

Xmax(xs 03 0) - Xmax(x, 0, 0) o

with a and b being constants (g = 2-0, b = 1-4).

It can be noted from (1) that within the range
of experimental variables the dimensionless
concentration distribution function is indepen-
dent of U,. Within this same range of variables
Fig. 8 shows that the vertical and lateral growth
of the plume, as characterized by the similarity
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Fic. 5. Typical plot of integration of continuity equation for point source at various distances down-
stream of source.
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Fig. 7. Non-dimensional plume cross section for a point source with heated and unheated boundary,
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lengths n(x) and o(x) are also independent of
Us (6-25 ft/s). Their approximate proportional-
ity with x is

7(x) = const. x¥7, (2a)
and

a(x) == const. x080,

(2b)

The corresponding values of ymax (x, 0, 0)
appears to be inversely proportional to Us as is
shown in Fig. 8. The initial variation of U,
xmax(x, 0, 0) can be approximated by

Ua xmax(x, 0, 0) = const. x~1'5,

3

The consistency of the experimental results
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may be checked by using (1) and (2) and the
appropriate similarity equation of the mean
velocity field:

1/n
“ ——(3) ; 0Lz <@

o =5 4)

where, as determined from the measured mean
velocity profiles, n = 5-5 and 3 oc x%%. These
equations may be introduced into the integral
form of the mass-conservation equation

f jJ— - ©)

to obtain an expression for U, xmax(x, 0, 0).

|7 axdydz =0y

[}
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F1G. 8. Variation of the vertical and lateral similarity lengths o and 4 and the maximum ground-level
concentration with distance from the point source for an unheated boundary.
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Noting that z/8 = z/n (/8), it follows from (1),
(4) and (5) that
U Xmax (%, 0,0) =
a b Qf (0.693)2+1/ﬂb 7 ~-1/n .
3T (1/a) (L + njnb)] (5) (o).

Substituting the approximate proportionality of
7(x), o{x) and 8(x) with x into the above equa-
tion one finds that

ﬁa Xmax(x, 0, 0) o x*l"’.

©)

A comparison of (3) and (6) shows the consist-
ency of the experimental results for the neutral
boundary.

Further, it should be kept in mind that the
similarity lengths, o(x) and 5(x) cannot in-
definitely grow at the same rate, i.e. linearly with
distance; the plume growth must slow down
when the mass reaches the upper edge of the
boundary layer. Figs. V-27 to V-32 of Davar [7]
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actually show this trend for an elevated point
source. A similar trend was observed by Poreh
[8] for a ground-level line source where concen-~
trations were measured up to 25 ft downstream
from the source. Thus it seems that diffusion
in wind tunnels is characterized by regimes or
zones of spread; the zone reported on in this
experimental study is one in which the mass
plume is everywhere thinner than the momentum
boundary-layer and is equivalent to conditions
encountered in the lower atmosphere.

Unstable boundary layers

The concentration distribution for the heated-
boundary experiments can be represented by the
same distribution function as that for the neutral
boundary (Figs. 7, 9 and 10), as given by (1),
where o, n and ymax are a function not only of
the distance from the source, as was the case for
the neutral boundary plume, but also of the
instability produced by heating.

2
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FiG. 9. Relative ground-level concentration as a function of the lateral distance for a point source
with a heated boundary.
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Fic. 10. Relative concentration as a function of the lateral distance for various elevations for a point
source with a heated boundary.

Within the range of experimental variables
studied the variation of ymax, ¢ and % with
distance follow simple power laws; the expon-
ents of these power laws increase markedly with
an increase in instability, see Figs. 11-13. It
appears that the effect of heating the lower
boundary is to increase the scale of the diffusion
phenomena without affecting the overall charac-
teristics of the diffusion plume.

Synthetic line source

One can obtain the concentration distribution
C(x, z) for a synthetic line source of strength
Q1 (mg/cm s) parallel to the y axis and passing
through the origin by integrating continuous
point sources of strength Qy dy’ at y’ along
this line. If x(x, y, z) is the mean concentration
at the point (x, y, z) due to turbulent diffusion
of mass being emitted from a continuous point
source of strength Qy (mg/s) located at the co-
ordinate orgin, then the synthetic line source
concentration is

Cra=[""xxy.ad. O

Now if it is assumed that the transverse profile,
for a point source, at each x and z has a Gaussian

form, that is,
‘2

where p is the standard deviation, about the
mean, of the assumed Gaussian form, (7) can be
integrated to obtain a simple expression for
C(x, z). The choice of the Gaussian form is
supported by the fact that the exponent “a”, for
the transverse profiles, in (1) is equal to 2—the
expected exponent for a Gaussian form.
Introducing (8) into (7) and evaluating the
resulting definite integral one finds that

C(x, 2) = V2 p(x, 2) x(x,0,2).  (9)

The synthetic concentration distribution
shown in Fig. 14 obtained through (9), for both
the heated and neutral boundary case, can be
represented by the same dimensionless distribu-
tion curve as obtained for an actual line source

(Poreh [8]),
= exp {~ 0-693 [X(Z—x)]l.s}, (10)

X (5,7, 2) = x (5,0, 2) exp {

C(x, z)
Cmax(x, 0)
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Fic. 11, Effect of instability on the maximum ground-level concentration,

where A(x) is the vertical similarity length of the
equivalent line source diffusion plume defined as

C(x, A)
Ex;z,x(x: 0)

Fig. 15 shows that the heated-boundary data
fits equation (10) nicely, whereas there is
systematic deviation for the neutral boundary
data. This is because the lateral profiles were not
mapped completely at the outer edges for the

== (5.

neutral data and thus a larger percentage of
mass was neglected in the integration.

The form of the dimensionless distribution
appears to be independent of U,. The growth of
the plume for the neutral case is also independent
of U, and is described in Fig. 15. The actual line~
source plume (Poreh [8]), behaved in a like
manner. The initial variation of A(x) is approxi-
mately proportional to x78;

A(x) = const. x0°78,

()
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FiG. 12. Effect of instability on the lateral similarity length o.

Values of Cmax(x,0) appear to be inversely
proportional to Uy, as shown in Fig. 15, that is,

Uu Cmax(x, 0) = ConSt. x‘o'%. (]2)

Poreh [8] also observed this inverse proportion-
ality with U,. He obtained U, Crax(x, 0) oc x—9°
and A(x) oc x%8, Thus, the synthetic line-source
plume behaves in the same manner as an actual
line-source plume for the neutral-boundary case.
No actual line-source data were available for
comparison with the synthetic heated-boundary
data.

Comparison of mass and heat diffusion
Wieghardt [5] obtained data for heat diffusion

from a line source of heat located at the bottom
of an otherwise isothermal turbulent boundary
layer. These data can be compared with the
mass diffusion results obtained by Poreh [8] and
the synthetic line-source results discussed earlier.
The salient results of Wieghardt are the follow-
ing:

const. x0-8

(a) A*(x) = 122 Ag(x) = *(‘I*jz/y')o’_g‘,

(13)
where A*(x) and Ag(x) are defined as

t'(x, AH)

i(x, %) .
fmax(x, 0) -

Ymax(x, 0 = 0-368 and

0-5;
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Tt is seen by comparing (10) and (14) that the
dimensionless universal distribution function is
identical for heat and mass diffusion. Equations
(11), {(12), (13) and (15) further show that the
approximate proportionality of Ax(x) and
fmax(x, 0) with x is also identical with their

counterpart in mass-diffusion. The only differ-
ence seems to be the slight variation of Ay(x)
with U792 and as a consequence 7max(x, 0) is
not quite inversely proportional to Uj.

The heat diffusion data were for a wide range
of ambient velocities (16-93 ft/s) as compared
to the range of 9-16 ft/s for the mass diffusion
data. Intuitively it would seem that the similarity
length A(x) would be a function of U, since at
the higher velocities the plume would be swept
downstream very rapidly and consequently
would be narrower; thus A{x) would be smaller
and U, Crmax(x, 0) larger for higher velocities.
More mass diffusion data for a wider range of
ambient velocities is needed before it can be
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FiG. 14. Relative concentration as a function of the vertical distance for a synthetic line

source for heated and

established that this apparent difference in heat
and mass diffusion exists.

Using the approximate similarity of the scalar
and velocity fields one can integrate the diffusion
equation

_oC

oC @
ua‘ —

9z oz

+w

o+ a0%] 0

or its counterpart for heat diffusion to obtain an
expression for A, or ey (the diffusivities).

unheated boundaries.

Poreh [8] obtained the following expression
after performing such' an integration, after
dropping the molecular diffusion terms;
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Fia. 15. Variation of the vertical similarity length A and the maximum ground-level concentration
with distance from the synthetic line source for an unheated boundary.

distribution curve and S, (z/}) is a known
function. Using the mean data [Fig. 16 and
equations (10-15)] for heat and mass diffusion
one obtains em/A, = 1'8. This ratio appears
unbelievably high. One would expect that the
mechanism of heat and mass diffusion are the
same (and thus eg/A. should be close to 1)
since the Prandtl and Schmidt numbers are
equal and the differential equations are identical.

This difference may be due to the difference in

velocities or the location of the source relative
to the beginning of the turbulent boundary
layer. In any case more analysis with heat
diffusion data obtained in the same wind tunnel
and with the sources in the same location is
needed before this ratio can be accepted as
conclusive,

CONCLUDING REMARKS
The principal results derived from this study
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FiG. 16. Comparison of the vertical similarity lengths for line-source diffusion of mass and heat for an
unheated boundary.

of turbulent diffusion of mass from a point
source within a neutral and an unstably stratified
boundary layer are:

(a) The concentration distribution, for both
neutral and unstable conditions, can be described
by the same dimensionless distribution function
provided diffusion occurs well within the
momentum boundary layer.

(b) The lateral and vertical similarity lengths
of the diffusion plume are approximately
independent of U, for the neutral case. As the
degree of instability increases o(x) and =(x)
increase markedly in magnitude.

(¢) The experimental law for attenuation of
boundary concentration was obtained as
ymaxtX, 0, 0} oc x~1% for the neutral case, The
rate of attenuation of axial concentration
increased with an increase in instability but was

not a function of distance downstream from the
source in the range studied.

(d) By numerically integrating the point-
source plume, assuming that each transverse
profile has a Gaussian form, a synthetic line-
source plume can be calculated. This synthetic
plume compares very favorably with an actual
line-source plume, i.e. the concentration distribu-
tion can be represented by the same distribution
function and the variation of Cumax(x, 0) and
A(x) with distance from the source are the same.

{(e) Overall heat and mass diffusion character-
istics are very similar for a line source of heat or
mass located on the boundary of an isothermal
boundary layer-flow. The universal dimension-
less distribution curves for mass and heat are
the same, and the rate of variation of the similar-
ity lengths and the maximum concentration
with distance from the source are the same. The
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similarity length and the maximum temperature
varied slightly with U, for the heat diffusion
case; this dependence on [, could not be
detected for the mass-diffusion case.
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Zusammenfassung—Es wurde turbulente Stoffdiffusion von einer punktférmigen Quelle innerhalb
einer zweidimensionalen Grenzschichtstromung an einer glatten Oberfliche mit und ohne Ober-
flachenheizung untersucht. Die Konzentrationen stromabwirts einer simulierten Punktquelle am
Boden einer Windkanalversuchsstrecke wurden mit Ammoniak als diffundierendem Gas ausgemessen,

Die Konzentrationsprofile fiir neutrale und instabile Bedingungen erweisen sich als dhnlich, d.h.
man erhilt eine universelle Funktion wenn man x (x, y, z)/xusx (x, 0, 0) die relative Konzentration in
jedern Abschnitt als Funktion der Ahnlichkeitslingen o (x) und 4 (x) auffasst. Die Ahnlichkeits-
langen sind als x (x, o, 0)/xmax (x, 0, 0) = 0,5 und x (x, 0, 7)/xmax (x, 0, 0) = 0,5 definiert; es zeigt
sich, dass sie im Bereich 1,8-7,5 m/s anndhernd unabhingig von der Umgebungsgeschwindigkeit
sind und mit zunehmender Instabilitit eine ausgeprigte Vergrosserung zeigen.

Eine Methode zur numerischen Integration der Werte punktférmiger Quellen, um federférmige
Linienquellen zu erhalten, ist angegeben. Die so erhaltenen kiinstlichen federférmigen Linienquellen
werden mit tdtsdchlichen Werten von Linienquellen und mit Werten linienformiger Wirmediffusion-
quellen verglichen. Die Werte der Wirme- und Stoffdiffusion sind sehr dhnlich.

Ein Versuch wurde unternommen, das Verhidltnis der Wirmediffusion zur Stoffdiffusion durch
Integration der zweidimensionalen Diffusionsgleichung zu erhalten mit Hilfe der angeniherten
Ahnlichkeit der Konzentrations- und Geschwindigkeitsverteilungen. Fiir das Verhiltnis ergab sich

der ungefdhre Wert 1,8.

Annoranua—Mlcenegopanace TypOynenrnas audQysusa BEWSCTBA OT TOYEYHOTO HCTOUHMKA
B HJCCKOM NOTPAHHYHOM €lI0e ¥ TTafgKO! NMOBePXHOCTH IPH HArpeBe cTeHku u Ges mero. B
wadecTBe RUGPYHAMPYIOWIEro rasa MCOONb30BAACA aMmuax. VsMepsanoch H3MeHEeHMe ero
KOHIEHTPALMA BHUS IO TEUEHMIO OT TOYEUHOTO MCTOYHHMKA, PACIONOMEHHOTO B HUMKHed
crenke paboyeit 4acTH appPONHMHAMHYECKOH TPYOHL.

VYeranosieno nopobue npoduiell KOHUEHTPAUMM NAA HEHTPAIBHEIX U HEYCTOWYMBHIX
ycaosuit. Taxum 06pasom, OTHOCUTENLHYO KOHIEHTPANMIO X (X. ¥, Z)/xmsx(x, 0, 0) B kanciom
CeYeHHH MOMKHO NPEACTABUTh Kak Pynkumio MacmraloBn ofobHs o (X) H 7 (X), T.e. MOMHO
HOJIYYHTE YHUBEPCANBHYI0 QyHuImo. MacmTabs nogo6us onpeedsoTCA Kak

X (%, 0, 0)/xmax (x,0,0) = 0,5 u x(x, 0, 7)/xmax (¥,0,0) = 0,5

¥ B 1ePBOM NPHOJIIKEHHMHE HE 3aBMCAT OT CKODOCTH Haleraiolero moToxa B uutepsane 6-25
¢r/cex, BaMeTHO BOBpacTas ¢ POCTOM HEYCTONUHBOCTH.

PacemaTpuBaercsi MeTOX YHCICHHOTO MHTEPPHPOBAHUA A TONYYeHHA CTPYeK JuHel-
HOTro merounmxa. MckyccTBeHHHe CTPYHKE JMHEMHOre HCTOYHMKA, NOTYYEHHHE TAKHUM
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06pasoM, CpaBHMBAKITCA C (PaKTHUYECKUMH JAHHHMU AudPysnn Tenaa u BeliecTBa OT JuHell-
HOTO McTOYHMKA. [annwle mo muddysmu Temna U BeleCTBA BEChMA CXOJHH.

ChenaHa MONBITKA ONPERENUTH COOTHOLIEHMe Mempy Kosddunuuenramu muddysnu renna n
MAacCHl BeIIeCTBA IYTEM MHTErPUPOBAHMA YPAaBHEHHA JBYXMepHOW AUPPysun C MCHONB3O-
BaHNEM NPUGIMHEHHOTO MOJO0NA pacIpeneeHnsa KOHIEHTpamMu u ckopoctn. Hailtpeno, uro

BEJIMYMHA dTOr0 COOTHOMIEHHA COCTAaBIAET npuMepho 1,8,



